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Objective

To examine the capability of strain 1400 (pLNH33) to simultaneously ferment xylose and glucose
at levels representative of pretreated com fiber hydrolyzate and to demonstrate its ability to grow in
continuous culture under conditions of interest to the NREL-Amoco CRADA.

Background

The compositional make-up of pretreated com fiber hydrolyzate prepared by Amoco was
ascertained to select the monomeric sugar loading of glucose and xylose for the present study. The
levels of glucose and xylose were determined to be 2.4% w/v and 3.4% w/v, respectively. The
pure sugar fermentation was planned at these levels of sugars to mimic the hydrolyzate
composition, but without including any potential inhibitors present in the hydrolyzate.

Materials and Methods

Inoculum Preparation

A frozen (-70°C) stock vial of strain 1400 (pLNH33) was grown in 1% w/v com steep liquor
(CSL), 1% w/v yeast extract, 2% w/v peptone, and 2% w/v xylose at pH 5.0, The flask contained
a total volume of 50 mL in a 250-mL baffled Erlenmeyer flask and was incubated at 30°C with an
agitation of 150 rpm. After 28 hours of growth, 10% v/v was transferred to 2% w/v CSL, 1% w/v
yeast extract, and 2% w/v xylose at pH 5.0 for inoculum growth. This flask contained a working
volume of 100 mL in a 500-mL baffled Erlenmeyer flask and was incubated at 30°C at an
agitation of 150 rpm. '

Fermentation Conditions .

The fermentation was started in batch mode with 2% w/v CSL, 1% w/v yeast extract, 2.4% w/v
glucose, and 3.8% w/v xylose as medium. A 10% v/v inoculum was transferred to the fermentor
vessel and was allowed to grow for 24 hours in batch before the fermentation was switched to
continuous operation. The feed for continuous mode consisted of the same medium, but was made
up in a 15-L batch with xylose and glucose being filter-sterilized and added after the yeast extract



and CSL solutions were autoclaved. The pH of the medium was adjusted to 5.0 in both the
fermentor and the feed with 3N sodium hydroxide.

For the fermentation, a 1.7-L New Brunswick BioFlo III fermentor was employed. To minimize
ethanol evaporation, the condenser was packed with 1-mm glass beads (to maximize the surface
area) and equipped with 4°C water circulation. The working volume of the vessel was 1 L,
agitation was controlled at 150 rpm, temperature was maintained at 30°C, and the pH was
maintained at 5.0 with the addition of either 3N sodium hydroxide or 1% w/v sulfuric acid. Air
was not supplied to the fermentation.

The feed, base, and acid addition vessels were placed on balances and their weights were recorded
daily in order to calculate the dilution rate of the fermentation. The dilution rate was calculated by
dividing the weight change over time of the feed (the base and acid additions were negligible) by
the working volume of the fermentor (density of feed assumed to be 1.0 g/mL). The residence time
is the inverse of the dilution rate. '

Analysis

Duplicate samples were withdrawn at regular intervals and analyzed on the Yellow Springs
Instrument (YSI) for ethanol and glucose. In addition, samples were analyzed on a Hewlett
Packard 1090 HPLC for glucose, xylose, succinic acid, acetic acid, lactic acid, glycerol, and
ethanol. Optical density at 600 nm (OD) and dry cell weight were obtained to monitor cell growth
on every sample. The dry cell weight was determined by centrifuging 4 mL of the fermentation
_broth for 10 minutes at 5000 rev/min. The supemnatant was decanted, and the pellet was washed
‘with 10 mL of deionized water twice. The pellets were then transferred to weighed pans and let to
dry in a 60°C drying oven for 24 hours.

The viability of the cells in the fermentor was determined on a daily basis. Plasmid stability was
monitored occasionally. The viability was determined by doing serial dilutions in a 0.85% w/v
sodium chloride solution and plating the appropriate dilution on three YPD (1% w/v yeast extract,
2% wfv peptone, 2% w/v glucose, pH 5) plates. The plates were incubated at 30°C until the
colonies were of adequate size to be counted. The colony was then divided by the total number of
cells counted by a hemacytometer to obtain the viability figure. The colonies that came up on the
YPD plates were then transferred to YPX (1% w/v yeast extract, 2% w/v peptone, 2% w/v xylose,
pH 5) plates using the replica plating technique. The number of cells that came up on the YPX
plates divided by the number of cells that came up on the YPD plates is the plasmid stability.

Results and Discussion

The fermentation ran uncontaminated for 36 days during which three residence times were tested: .
74, 60 and 44 hours. In batch mode (following inoculation), it appeared that the xylose was not
metabolized until nearly all of the glucose was depleted (Figure 1 and Table 1). After 24 hours in
batch, the fermentation was switched to continuous mode with a 74-hour residence time. At this
point, all of the glucose had been consumed, while 20 g/L. xylose still remained in the fermentor.




Interestingly, the same was not true for growth on xylose. When pure xylose was used (flasks 1
and 4), the growth rate was 0,131 h? (in YP) or 0.142 h* (in CSL). But when xylose became the
sugar source after depletion of the glucose (flasks 2 and 5), the growth rate plummeted to 0.026 h™*
and 0.023 h" in YP and CSL, respectively. Despite the slow growth, however, the cells seem
capable of producing significant amounts of ethanol from xylose, an indication that ethanol
production may be non-growth associated. It is, therefore, imperative to take into account this
value of growth rate rather than the one calculated on pure xylose, when glucose-xylose mixtures
are used in the fermentation process with L1400 (pLNH33). This of course applies to the com
fiber hydrolyzate, too.

In the flasks containing just glucose, the glucose was consumed in 7 hours, whereas residual xylose
was still present after 45 hours in the flasks containing just xylose. The results show that glucose
is nearly depleted before xylose utilization commences (Figure 1) in the flasks containing the sugar
mixture. The rate of xylose utilization seems to be higher in the flasks containing the sugar
mixture (Figure 1). This could be due to the fact that the cell population is larger in those flasks
than in the flasks with just xylose (Figure 2),

The process yields for the flasks containing only xylose were 71.1% in YP and 73.1% in CSL. In
the mixture, those yields were 80.4% in YP and 76.3% in CSL, consistent with the average of the
yields observed on the individual sugars (Table 2, flask 2 vs. flask “1+3” and flask 5 vs. flask
“4+67). The process yield in the flasks with only glucose were the greatest observed in this
experimental study: 83.9% in YP and 79.9% in CSL (see Table 2). The increase in the process
yield in the flasks with glucose can probably be best explained by examining the by-product
-formation as presented in Table 3. This table clearly shows that a significant fraction of the
utilized xylose is being converted into xylitol in the flasks containing xylose or the sugar mixfure.
The data also indicate that the nutrient source may play a role in ethanol and other by-product
formation: the ethanol yield is greater in YP containing glu¢ose and the sugar mixture than in the
same CSL flasks. More glycerol and xylitol is produced in the flasks with CSL than YP. In
addition. more cell mass is produced in the YP flasks containing glucose and the sugar mixture
than the same CSL flasks.

Table 3: Fermentation product distribution.

Product Yield (100 g/g C5+C6 Utilized)
Flask # | Residual | Residual | Ethanol Cell Carbon Glycerol  Xylitol Total
Glucose Xylose Mass Dioxide
(glL) (g/l)

1 0.0 1.8 38.5 12.0 36.8 3.3 11.3 101.9
2 0.0 .09 41.8 9.6 40.0 4.0 6.3 101.7
3 0.0 0.6 44.1 11.9 42.1 2.3 00 100.4
4 0o | 15 39.3 12.0 37.6 4.1 128 | 1058
5 0 1.3 40.0 8.4 38.2 5.7 7.0 99.4
6 0 0.4 416 10.4 39.7 35 0.0 95.3




As seen in Table 3, carbon closure in all flasks was satisfactory with a mean value of 100.8 % +
3.4 %. 1t should be noted that the carbon dioxide was calculated on the basis of equimolar
formation with respect to ethanol production. The detailed carbon balance spreadsheets are
attached at the end of this report. .

Conclusions : :
Overall, the effect of nutrient source on the performance of the organism was rather minor. It is,
therefore, recommended that CSL be used in the PDU and commercial applications, in light of its
lower cost. In contrast, growth on the two sugars (glucose and xylose) was markedly different.
The doubling time of L1400 (pLNH33) is 2.15 to 2.5 times faster on pure glucose than on pure
xylose. The data show that the xylose fraction is not utilized until nearly all of the glucose is
depleted in the sugar mixture flasks. Nevertheless, the overall ethanol yield in the sugar mixture is
quite satisfactory (76-80%) within 45 hours.

This study also provides useful information for the development of a CRADA SSCF (simultaneous
saccharification and cofermentation) kinetic model based on the NREL SSF and cofermentation
models. Using the data presented in Table 2, values for the growth rate of the cells (1) on each
sugar were calculated. Furthermore, the information on by-product formation contained in Table 3
allows us to determine the values of the yield coefficients of cell mass on glucose (Yxg) and Xylose
(Yxz), as well as those of xylitol on xylose (Yz) and glycerol on glucose (Ygrg) and xylose (Yrz).
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Figure 2: Growth Profile of L1400(pLNH33)
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Figure 3: Ethanol Production by L1400(pLNH33)
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CARBON BALANGE: Flask 1:1% wiv YE, 2% wiv Peptone

[soums BALANCE n O
Enzyma: L din ¥ B niry -
Organism; LNHIAC Inatsbatdis b e gy 17K f1in
Feadstoek: Pure Sugrxs
Prelraaiment; M/A

—

Run: Shake Flask PERFOIMANCE PARAMETERS
Sampla: 45 h

CeMilose Corversiof: DM Ol
Ovetall C6-Sugr Corwarslon: 10Iv0)

Resecrcher: Susan Toon Overddl C5-Sugar Converslorn;: 94.4%
Run Date : 14-3ap-95 Etharnol Procass Yield (% Iheot): 70L1%
CATeports: 95082 POV Eihwanot Mett holic Yield {% theor: 15.4%

_ |

Carbon Baiance: 55

Component Carbon In ) Carbon Out Converslon| . Product Yiald
In Salids In Liquor Tolal In Solids in tiquar Tolal P80 (n-Outy/n 100g/ 100g§

% doy wi) {C-mals/Ng SNk (% Tolal ln) @/ {Cmoleskg Siny (% 1olal in} (C-molsfig Sind | 3% dry wiy [C-modasrg Sind (% Totod Cun B {C-molasig Sind (% Tokal Sunl{C-molaskg Sy %} gCécons P{C5HCH) cons
Celobiose 0.00 0.000 0.000 noa 0.000 0.000
Ghicoss 0.00 0000 FOIVOf 0.00 0.000 #Divior 0.000 B on 0000 FOV 000 0.000 OO 0.000 DIV 0}
Galactose 0.00 0.000 SOOI .00 0.000 rDIVOY 0.000 000 0.000 L v 000 0.000 oV 0.000 #DIV/OL
Mannose 0.00 0.000 20101 0.00 0000 oIV 0000 0.00 0.000 I aao 0.000 YOIV O! 0.000 DIV /0t
Xytoss 0.00 0.000 a0 3190 1062 oon Y 082 oo ooin o090 | 80 0.040 o 0.040 934
Arobinose 0.00 G.000 L0101 0.00 0.000  rfOivir 0.000 0.00 0000 DIV /08 [3el1} 0.000 O 0000 DIV 0t
Lignin 6.00 0.000 1OV 0.00 0.000  £DIO! 0.000 0.0 Gano OV O 000 0.000 FONV ! 0.000 DIV 01
Ethoniof 0.30 0.013 ool 11 90 asi7 0517 DR O) 38.5
Ceoll Mass 0.50 0.020 0.020 4.10 0.1423 0.153 DIV 120
Carbon Cloxide 0.252 0252 #DIV{D) 34.8
Glycerof ) 8.40 0.020 0.020 1.40 0.052 0.052 #DIVO 33
Xtitor 0.10 0.003 0.003 350 [ERRE] 0115 DR 1.3
Acelic Acid 0.00 0.000 0000 [3e] 0.000 0.000 $DIV/O! 0.0
Lachc Acid 4 0.00 0.000 . 0.oon 000 0.000 0.000 . HONfO) 00
Succinic Acid 0.00 0.000 0.000 000 0.000 0.000 DIV/01 00
fotar 000 0.0c0 2.0 1118 oo L11g 0o 00 on 1.159 000 Lisg DN 0 1019




CARBON BALANCE: Flask 2: 1% wiv YE, 2% wiv Peptone

SIS BAT ALICCE 1 Cad
Enzyme: M/A Licy1der ¢}, i 00
Organism: LMH33C At Sealess 1) i i
Feadstock: Pine Siigars
Pratisalmeni: MfA
Run: Shoake Flask PERFORMIANCE PARAMETERS
Sample: 45 h
Celliinso Conwenslory,  aniv 01
Overoll Cd-Sugyer Cofwversior: 100.0%
Researcher : Susan Toon Overatll C5-3ugew Conversion: 97.2%
Run Date :"14-Sep-95 Elhcinol Process Yield (4 Iheorn: B80.4%
CAT Repsorts ; 95082 POU Elhex ol Melaholic Viold (% Iheor); B81.8%
— 1 .
Carbon Balance: 55F
Component Carbon In Cuarbon Qul Convaersi Product Yleld
In Salids In Liquor Tolal tn Solids In Liquor Tolai 00 (n-Outy/ire io0g/ . loog{
(% dry wi) {C-mele/kg SNy (X Tolai In} ) ICmolesbg SN (% Total I tomaledkg Sind (% clry wi} {C-malaskg Sink (% 1tal Ouly gy (C-moletkg 503 (% Lokl Gul) (Cmodaskg Skn) 3] gCécons [g{C5+Co) cons
Celobloss 0.00 0.000 0.000 0.00 0.000 0.000
Glucoss 0.00 0.000 09 21.00 0.699 1000 0.699 0.00 0 000 FOIV AN 0o0n 0.000 101V Or 0.000 100.0
Gdlacloss 0.00 0.000 201V 0f 0.00 0.000  rDiVIO! 0.000 0.00 0000 LDV AN ono 0.000 POV AN 0.000 DIV 01
Monnose 0.00 0.000 FDIVO1 0.00 0.000 sDM/o 0.000 oo 0000 Ll 000 0.000 YO O! 0.000 1DIV/OI
Xdose 0.00 0.000 (1371 32.50 1082 logog 1.082 0.00 0.000 a0 090 0.030 100.0 0.030 912
Arablinose 0.00 0.000 FDIV 10! 0.00 0.000  FDIV/Or 0.000 0.00 0000 DIV 01 000 0.000 FOI/OI 0.000 DIV O
Lignin 0.00 0.000 LDIV/O) 0.00 0.000 rONV/OY 0.000 0.00 0.000 FOIVIO! 0.00 0.000 Liaiven} 0.000 1DV fOI
-0 Ethanol 0.40 ooy a0tz 22.40 0.972 0.972 1048 418
Celf Mass 0.45 oals 0.018 5.52 0.220 0.220 242 .6
Carbon Dloxide 0478 0.478 1001 400
Glycero! 0.50 0.014 0014 2.40 0.085 0.085 10.0 40
Xyfitol 0.10 ¢.003 0.003 Jan 0112 012 15.7 5.3
Acelic Acid 0.00 0.000 0.000 000 0.000 0.000 0.0 co
Lactic Acid a.co 0.000 0.000 0.00 0.000 0.000 0.0 0.0
Succinic Acld # 0.00 0.000 0.000 . 0.00 0.000 0.000 .o 00
Total o0g 0.060 og 1.837  Jong 1837 [i}2] 4030 oo 1.897 100.0 1.497 254.7 1017
C - RECOVERY: 183.3%

e e
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CARBON BALANCE: Flask 3: 1% wiv YE, 2% wiv Peplqge

SOMS B0 AHICE In
Enzyma: MN/A Figgrn ) fin
Orgonlsm: LMNH3AC tasrabadi S 3y L) i
Feadstock: Pure Sugars
Pretfrealment: MN/A
Run: Shoke Flask FERF ORMAAMCE PARAMETERS
Sample: 21 h
Celllase Corversing; DV
Ovoircll C8 Sugee Convorsiorn: 1040
Researcher ; Susan Toon Owverall C5-Sugcr Corwersior; 45.5%
Run Bate : 14-5ep-95 - Ethonol Process Yiedd (% Ihaaor): B83.9%
CAT Reports : 95082 PDU Elhcanol Metiiholic Yiekd % theor): 84.2%
L .
Carbon Baiance: §5F
Component Carbon In Carbon Out Convenion Product Yield
In Solids In liquor Tola) in Solids In Liquor Tolal PG00 (-Oubyi 100g ¢ 100g ¢
{Xdry wh IC-moleskg S {% Tolal ny g/ (C-mole/Kg S (% lotal I (Cmoterrg s | dry wil (C-molaskg Sint (% lotal Cutv!  igm {C-motaskg $ind (% Teial Cub {C-molka/kg Sin) {%) 9Chcom |3 (C5CH) cons
Calobioss 0.00 0.000 0.000 000 0.000 0.000
Ghucose 0.00 0.000 00 21.50 0.Mé  lopo 0.7 0.00 0.000 FOIV 0! 000 0.000 DN 2.000 100.0
Golaclose 0.00 0.000 DR 0F 0.00 0.000  #DIV /D 0.000 0.00 0000 PO/ ano 0.000 oo 0.000 OO
Mannose 0.00 0.000 SOV 08 oca 0.000 sDivior n.oon o0 0 onn oIV onn 0000 roN 0 0.000 $DIVIO)
Xyiose 8.00 0.000 6.0 110 0037 jono 0037 [£3404] 0000 oo 0.60 0.020 1900 0.020 455
Arabinose 0.00 0.000 FDIV/0! 0.00 0.000  #Dmvor 0.000 0.00 0000 Lishivri anp 0.000 L 0.000 MDIVIDI
Ligrin o.0o 0.000 200701 0.00 0.000  #o0vi0Y 0.000 000 0 000 ron Ot 0.00 0.000 YOIV 0.000 #DIV O
Ethanal 0.40 0.0y7 0017 10to 0.438 0.438 451 441
Ceall Mass 0.44 0.ai18 0,018 gy 0123 . 0.123 12.2 1.9
Cabon Dloxide 0.211 02n 43.1 421
Glycorof 0:50 0.014 omé 1.no n.03j 0.033 23 23
Xytitor 0.10 0.003 0.003 ¢lo 0.003 0.003 00 0.0
Acelic Acld 0.00 0.000 0.000 oo 0.000 0.000 ' 0.0 0.0
Lackc Acid # 0.00 0.000 0.000 . 0.00 6.000 0.000 00 0
Succinic Acid 0.00 0.000 0.000 0.00 0.000 0.000 0.0 0o
Totat 0900 0.000 oo 0.800  ionn 0.808 ono 0on0o fa | 0.628 1050 0.428 102.8 100 4

C - RECOVERY: 102.5%
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CARBON BALANCE: Flask 4: 3% wiv CSL

_ Enzyme: NfA

SO AL ANICE

in

Thgran ) nin o
Crganlsm: LMH3IC Ieiclisg Sulion £ fhn [l
Fesdslack: Pive Sugors
Pretiaatment: (/A
Run: Shoke Flask PEEFOWANCEPARAME!H?S
Samgpls: 45 h
Calhilase Corperslon: LJs ]
T Overaill C6-Sigex Conversion: DI/
Researcher : Susan Toon Oweredl C5-5ugor Convarslor; 95 1%
Run Date 14-S5ep-95 Ethoinot Procsss Yiold (% lhaor: 7%
CAT Repreats : 95082 POU Elhenol Metbolic Yietd (% Iheot): 9%
—
Carbaen Bolance: 5SF
Component Carbon In Carbon Out Convers) Producl Yiald
in Solids In Liquor Tolal In Solids - In Liquor Tolal 00 (n-Oulyk 100g/ 1009 ¢
(% dry wi) {C-mokeskg Sind (% Lot in} G/} (Cmolafig Sl 4 otol In) [ tCmekedg Sied | ¢ dry wlh (Cmaksstg Sind % (otar Cull g {C-melasig Sind (% Total Culy (C-molaskg S %) 9Chcon  [g(C5+C8) cons
Calobiose 0.00 0.000 £DIV/01 0.00 0.000 0N 0.000 0.00 0 000 FONO! alals] 0.000 £DIV0! 0.000 DIVfOI
Glucose 0.00 0.000 FON .00 0.000 £Dnv/o! 0.000 000 00ona IV fon f.000 POV A 0.000 DM )
Gdiactose c.co 0.000 FOIV 08 0.00 0.000 200000 0000 0.08 0000 rONAH 0.00 0.000 FONAOY 0.000 DIV I
Maornnose 0.00 0.000 Fleilndl] .00 0.000  #DNOY 0.000 0.0 0000 FO0v 08 ooa 0.000 YOO 0.000 Ll i |
Xfose 0.00 0.000 oo 30.50 18018 laog Lals 0.00 0 oon 00 1.50 0.050 oo o 0.050 5.1
Arabinose 0.00 0.000 000 0.00 0.000  s0vion 0.000 0.00 0000 OO0 0.00 0.000 £OIV /01 0.000 10101
Ligriry 0.00 0.000 01701 0.00 0.000  Foivior 0000 - 0.00 0.600 OO 00 0.000 FON 0.000 DIV O
Ethano! 0.40 0017 017 11.80 0.512 0312 tDIVfO 3¢.3
Cofl Maoss 0.51 0.020 0.020 3¢9 0.15¢9 0159 D01 120
Cevhon Dioxids 0.247 0.247 DIV O 314
Glycerol 0.50 0.018 oo 170 0.055 0.055 DN f0l 41
Xvlitol 0.10 0.003 0.002 380 0125 0.125 DIV/0) 128
Acelic Acid 0.00 0.000 0.000 oon 0.000 0.000 OO a.0
Lacthic Acid 0.00 0.000 0000 000 0.000 0.000 #DIV/04 0.0
Succiric Acld ‘ 0.00 0.000 0.000 [13400] 0009 0.000 TDIV/0) 00
Fotck 200 0.000 08 Lo73 tono 1.023 000 0000 on 1.149 1000 1149 20008 los.g

- RECOVERY:

NIDE ! 3 4 L v
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CARBON BALANCE: Flask 5; 3% wiv csL

Enzyme: /A

Orgonlsm; LMHIIC
Feedslock: Pive Sugens
Prafieatment: MjA,
Run: Shake Fiask
Somple: 45 h

|

Resecrcher : Suson Toon
Run Bate : 14-Sep-95
CAT Repects ; 95002 PO

Carbon Balance: §5F

SCHIIS B ALK E i

Ekrrler 1y
Fsediitdes et 15 183,

am
triry

iron
LINED]

PERFOIIMANCE PARAMETERS

Cellilose Corversion:

Overiill C6-Suyew Conversior:
Overall C5-Sugew Conversion:
Elbexiol Procoss Yistd (% iheor:
EMvwniot Motedolic Yioki (%, Ihoeor):

DIV O]
100 0%
95.9%
.0%
78.3%

Component Carbon In Carbon Ouwl Convarslon Produel Yisld

. In Salids in liquor Tolal In Solids In Liquor Tolal 00 (n-Cn i) | 006g/ 100g}

{% dry wh (C-molestig Sy {% Tolal i) @B (C-mokergSiny (% Tolal Wk | «Conoeskg St | % oy wld (T mokas ) Sind 1% Tatal ity A T motaskg SNk (% Tolad Sl {C-makaikgsny - @) @Cscom |5 IC5+CH) cons

Ceslobiose 0.00 0.000 LD1V/0! 0.00 0.000 sOivior 0000 0.0 o0on v/ 0.00 0.000 FOIV /D1 0.000 1Div/o1
Gluscose 0.00 0.000 8.0 2110 0703 000 0.703 o oo 0000 rON FH ong D.000 Loith e 0.800 000
Gdloctose 0.00 0.000 2D 0.00 0.000  £O0v/0) 0.000 0.00 0000 D 000 0.000 L 0.000 DIV IO
Maonnose 0.00 0.000 FDIV 0! 0.00 0.000  s£Divior 00N 0.06 ¢ ong YOI /DI 000 0.000 OO 0.000 DIV401
Xose 0.00 0.00¢ ap 31.40 1046 joop 1.045 0.00 0000 ng 1.30 0.043 1000 0.043 959
Arabinose c.00 0.000 DIV /0 0.00 0.000  £0iv0 0.000 0.00 0 000 OO 0.00 0.000 Lt 0.000 DIV {01
Lignin 0.00 0.000 FOIV/O1 a.00 0.000  sDM /0 0.000 0.00 0.000 o ooo 0.000 010! 0.000 1D OL
Ethanof 0.40 0017 ooz 2090 0.907 0.907 912 00
Cslf Mass 0.46 0.018 0.018 417 0.190 0.190 204 8.4
Corbon Dioxda 0.445 0.445 928 382
Glycerol 0.50 006 0.018 340 oin 014 137 57
Xfitor 0.10 04003 0003 Jio 0.122 0122 17.1 1o
Acstlc Acid 0.00 0000 0000 0.00 0.000 0.000 a0 0.0
Laclic Acid i 0.00 0.000 0.0no 0.00 0.000 0.000 0.0 0o -
Succinic Acid 0.0 0.000 0000 0oo 0.000 0.000 .0 a0
folct 000 0.00n 00 1804 Jona 1.804 oan 4000 - a0 1.818 109e 1.818 4.2 94
2 - RECCVERY: 100.8%
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CARBON BALANCE: Flask 6: 3% wiv CSL

Enzyma: MiA

Organlsm; LMHIIC
Fesdslock; Pixe Sugous
Pretraalmenl; hyA
Run: Shake Flasy

Sample: 2| h
Raseorcher: Susan Teon
fun Date : 14-5ap-95
CAlReporh ; 95002 FOU

-

Carban Balance: SSF

SO B AR I
Thpuiln .

LIV T]

s hatdy Sob s i), BEL7]

Celdilose Cotwarslory; 1oV 0)
Owercll C-Suger Conversion; 100.0%
Cvarall C5-5 ¥ Conversion; 83.6%
Ethewniol Procass Yiote (% lhaor): 79.9%

Elhew 16! Mett halic Yielel (% raor): 81.9%

- RECTIVERY:

Component Carbon In Carbon cul
in Solids In Liquor folal In Solids - In tiquor

% dey wel) (C-mole¥g Sind (% Tolat ) fgi) (Cmoletég S (% Tolal ) | (C-mokesrg S (% ciry wi) {C-moleirg Sind (% 1otal Oull Wil (Cmoleskg Sin) (% lolal Quty
\\\\ \\
Celobloss 0.00 0.000 £O1v/0! 0.02 0.000  sDpvs08 0.000 0.00 0000 FOR Ot 0.00 0.000 Divyor
Glucose 0.00 0.000 (132} 21.90 0729 1000 0.729 0.00 0.000 FON SO 0.00 0.000 ¥DIVA0!
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Xfose 0.00 0.000 0.0 1.10 0.037 lon o 0.037 Q.00 000 0o 040 0ol3 o0
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Lihano! 0.40 0.017 0017 9.80 0.425
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Flask 1: 1% Yeast extract, 2% peptone, 3% xylose

OD (800|Cell mass Glucose | Xylose Ethanol | Glycerol
Time {h) nm) {(g/L) pH {g/L) {g/L) (g/L) {g/L)  |xylitol (g/L}
0 0.992 0.496 5.05 -0 31.9 0.3 0.6 0.1
25 1.39 0.695 5.05 0 3241 0.5 05 0.1
5 1.905 0.9525 5.09 0 314 0.8 0.6 0.1
7 2.25 1.125 5.1 0 304 1.2 0.6 0.3
21 5.325 2.6625 4.93 0 18.8 52 1.1 1.7
28.5 6.95 3.475 4.85 0 10.2 8.9 1.4 25
45 8.19 4.095 4.79 0 1.8 11.9 1.6 35
Flask 2: 1% Yeast exiract, 2% peptone, 3% xylose, 2% glucose
OD (600|Cell mass Glucose | Xylose Ethanot | Glycerol
Time {h) nm) (g/L) pH (g/L) (g/L) (g/L) {g/L)  |xylitol (g/L)
0 0.894 0.447 5.04 21 325 0.4 05 01
25 1.79 0.895 4.94 18.4 325 1.5 0.6 041
5 4.58 2.29 4.71 71 32.4 7 11 0.1
7 6.44 3.22 4.72 0 30.3 10.6 1.5 0.1
21 10.05 5.025 4.58 0.1 12.2 17.4 23 2.1
285 i1 55 4.54 0 5.1 20.7 25 2.8
45 11.03 5.515 4.57 0 0.9 224 2.6 3.4
Flask 3: 1% Yeast exiract, 2% peptone, 2% glucose
OD (600| Cell mass Glucose | Xylose Ethanol { Glycerol
Time {h) nmj {g/L) pH (g/L) (g/L) (g/L) (g/L}  |xylitol (g/L)
0 0.924 0.462 5.06 215 1.1 0.4 05 041
25 1.88 0.94 4.95 18.6 1.1 1.5 0.6 0.1
5 4.99 2.495 4.7 5.8 1.1 7.4 1 0.1
7 6.12 3.06 4.77 0 1 8.8 1 0.1
21 6.175 3.0875 4.71 0.4 0.6 10.1 1 0.1
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Flask 4: 3% CSL, 2% xylose

OD (600|Cell mass Glucose | Xylose Ethanot | Glycerol
Time {h) nm} (g/L) pH (g/L) (g/L) {g/L} (/L) [xylitol (g/L),
0 1.012 0.506 5.06 0 305 . 0.4 0.5 0.1
25 1.46 0.73 5.05 0 30.7 0.8 0.6 0.1
5 2.06 1.03 5.07 0 29.6 1.1 0.6 0.1
7 2.46 1.23 5.1 0 289 1.5 0.6 0.2
21 4.975 2.4875 4.97 0 16.9 5.7 1.1 1.6
. 285 6.71 3.355 4.91 0 9.9 8.6 14 2.4
45 7.97 3.985 4.89 0 15 11.8 1.7 3.8

Flask 5: 3% CSL, 2% xylose, 2% glucose

OD (600 Cell mass Glucose | Xylose Ethanol | Glycerol
Time (h) nm} {g/L) pH {g/L) {g/L) {g/L) (g/L)  |xylito! (g/L}
0 0.922 0.481 5.04 211 314 0.4 0.5 01
25 1.73 0.865 4.92 18.2 30.8 1.6 0.6 04
5 4.12 2.06 4.61 7.3 30.3 6.6 1.3 0.1
7 5.66 2.83 -4.59 0 29.3 10.4 1.9 0.1
21 8.038 4.019 4.53 0 13.6 16.3 2.8 2
28.5 9.14 4.57 454 0 7.2 18.7 3.1 3
45 9.53 4.765 4.68 0 1.3 20.9 3.4 7

Flask 6:3% CSL, 2% giucose
OD (600| Cell mass Glucose | Xylose Ethanol | Glycerol :

Time (h} ) nm) gu) |\ _pH__| (o) | (oY | (gL (g/L) _ xylitol (g/L)
0 0.982 0.491 5.05 21.9 1.1 0.4 0.5 A
25 1.8 0.9 4,93 18.9 1.1 1.5 0.6 04
5 46 2.3 4.59 6.6 1 6.8 i 0.1
-7 5.6 2.8 4,63 0 0.8 9.8 1.3 0.1
21 5.688 2.844 4.67 0 0.4 9.8 1.3 0.1
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